AD-A016  863 


WABASH  - RDX  MANUFACTURE:  A LABORATORY  EXAMINATION 

OF  THE  AMMONIUM  NITRATE  PROCESS 

Maurice  Warman 

Picatinny  Arsenal 
Dover,  New  Jersey 

October  1975 


isimis 


National  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


PICATINNY  ARSENAL 
DOVER,  NEW  JERSEY 


security  cuMtiFiCAtiow  or  this  page  <w*m  om»  «ww»g 


REPORT  DOCUMENTATION  PAGE 


REPORT  NUMBER 

Technical  Memorandum  2171 


4.  TITLE  (mdSuHItta) 

WABASH  - RDX  MANUFACTURE:  A LABORATORY 
EXAMINATION  OF  THE  AMMONIUM  NITRATE 
PROCESS 


7.  AUTHOR^*) 

Maurice  Warman 


9.  PERFORMING  ORGANIZATION  NAME  ANO  AOORE5S 

Picatinny  Arsenal 
Dover,  New  Jersey  07801 


II.  CONTROLLING  OFFICE  NAME  ANO  AOORESS 


READ  INSTRUCTIONS 
BEFORE  COMPLETING  FORM 


1.  RECIPIENT'S  CATALOG  NUMBER 


S.  TYPE  OF  REPORT  A PE  WOO  COVEREO 


4.  PERFORMING  ORG.  REPORT  NUMBER 


contract  or  grant  nmmbero 


■ 


to.  PROGRAM  ELEMENT.  PROJECT.  TASK 
A TEA  A PORK  UNIT  NUMBERS 

AMCMS  Code  662617. 11. H7901 


<*.  REPORT  OATS 

OCTOBER  1975 


■ 

I 


MONITORING  AGENCY  NAME  A AOORESS<7f  dlttatmU  tram  Conlrotth U Off! cm)  IS.  SECURITY  CLASS.  (•(  ttila  rwpoti) 

UNCLASSIFIED 


IS.  DISTRIBUTION  STATEMENT  (et  Rmport) 


Approved  for  public  release;  distribution  unlimited. 


17-  DISTRIBUTION  STATEMENT  (o t tha  abstract  anlarad  In  Block  20,  It  dlttarmt  from  Raporl) 


If.  KEY  WOPOS  (Contlnva  on  ravaroa  old*  It  nacmaaary  and  Idanllty  by  block  numbar) 

RDX 
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Ammonium  nitrate-RDX  process 


20  ABSTRACT  (Confirm*  on  rawmrn a old*  It  nacaaaary  and  Idanlltf  by  block  manbar) 

The  optimized  "AN"  (ammonium  nitrate)  process  for  preparing  RDX,  developed  ! 
some  years  ago  at  Wabash  River  Ordnance  Works  on  a laboratory  levol , has  been 
checked  and  verified.  Items  considered  included  yield  and  quality  of  RDX,  re- 
covery and  recycle  of  excess  ammonium  nitrate,  recovery  of  excess  nitric  acid,  and 
its  stabilization  by  controlled  fume-off.  The  process  is  considered  ready  for  study 
on  a large  scale 
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OBJECTIVE 

The  objective  of  the  work  described  in  this  report  was  to  check  on 
a laboratory  scale,  the  optimized  Wabash  ammonium  nitrate  procedure'for 

(see  RefT)  ^ Prl°r  10  P088™6  pllot  and  Plant  8Cala  operations 
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INTRODUCTION 

The  Halo  process  for  manufacturing  RDX  gives  poor  yields  based 
on  the  hexamine  and  nitric  acid  used  (117  g RDX  per  100  g hexamine,  or 
a 37%  yield  at  one  mole  hexamine  for  two  moles  RDX) . It  was  found,  during 
World  War  n independently  in  England,  Germany,  and  the  USA,  that  the 
addition  of  ammonium  nitrate  in  the  Hale  process  greatly  increased  the 
yield  of  RDX  to  as  much  as  208'  g per  100  g hexamine,  a 68%  yield.  This 
approach  was  not  developed  further  at  the  time,  but  was  reviewed  at  the 
Wabash  River  Ordnance  Works  in  the  1950's.  They  established  the  basis 
for  a practical  process  by  showing  that  the  substantial  excesses  of  ammon- 
ium nitrate  and  nitric  acid  used  could  be  easily  recovered  and  (in  the 
case  of  the  ammonium  nitrate)  recycled.  No  further  development  work 
was  done  at  the  time,  however.  Improvements  in  nitric  acid  technology 
during  the  1960's  led  to  renewal  cf  interest  in  this  type  of  process  and 
cost  studies  of  the  AN  process  were  made  (Ref  2,3).  These  showed  that 
the  AN  process  gave  RDX  at  a significantly  lower  cost  (12-14$  per  lb)  than 
the  Bachmann  process  now  in  use  (17-20$) . It  was  therefore  decided  that 
the  AN  process  merited  further  development,  and  that  the  first  step  should 
comprise  checking  the  basic  Wabash  data,  obtained  on  a 5 g hexamine  level . 


PROCEDURE 

The  optimum  Wabash  procedure  (Ref  1)  consists  of  dissolving  9.6 
parts  of  dried  ammonium  nitrate  in  17.2  parts  of  nitric  acid  (99.5%  minimum) . 
The  addition  of  one  part  of  hexamine  is  then  made  at  25°-50°C  and  the  result- 
ing reaction  mixture  is  heated  at  85°C  for  30  minutes.  Cooling,  followed  by 
drowning  of  the  reaction  mixture  on  ice,  or  recovery  of  nitric  acid  by  vacuum 
distillation,  and  subsequent  drowning  of  the  residual  cake,  leads  to  yields 
of  63-65%  based  on  two  moles  of  RDX  being  derived  from  one  mole  of  hex- 
amine . A typical  run  using  five  grams  of  hexamine , 48  grams  of  ammonium 
nitrate,  and  86  grams  of  nitric  acid  results  in  yields  of  RDX  of  10.0  to 
10.4  grams. 


The  procedure  followed  in  this  study  was  to  dissolve  in  a flask 
equipped  with  a thermometer , stirrer  and  reflux  condenser  with  drying 
tube,  48.0  grams  (0.6  mole)  of  oven  dried  (105°C)  ammonium  nitrate  in 
86.0  grams  (1.36  moles)  of  nitric  acid.  This  step  was  quite  exothermic, 
and  external  cooling  was  employed  to  prevent  the  temperature  from  rising 
above  30°C . The  use  of  "absolute"  nitric  acid , obtained  by  vacuum  dis- 
tillation from  an  appropriate  mixture  of  98%  nitric  acid  and  30%  fuming 
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The  ammonium  nitrate-nitric  acid  solution  is  then  cooled  to  about 
23°C  and  five  grams  (0.035  mole)  of  hexamine  were  added  in  portions, 
with  stirring,  at  23°-28°C.  (The  initial  additions  of  the  hexamine  dispelled 
the  orange  color  and  a small  amount  of  gas  evolution  was  observed . ) After 
the  addition  of  the  hexamine,  the  reaction  vessel  was  placed  in  a steam 
heated  water  bath  at  85°C . This  reaction  temperature  was  maintained  for 
30  minutes  during  which  time  considerable  fuming  took  place , and  an 
orange  color  returned  to  the  reaction  mixture . Recovery  of  most  of  the 
excess  nitric  acid  was  now  accomplished  by  carefully  subjecting  the  mix- 
ture to  vacuum  distillation  (15-20  mm  Hg)  and  collecting  the  nitric  acid 
distillate  in  a flask  cooled  by  a dry  ice-acetone  bath.  Generally,  50-65 
grams  of  frozen  nitric  acid  were  collected . This  acid , upon  melting  and 
warming  to  room  temperature , underwent  a vigorous , spontaneous  fume- 
off  resulting  in  gentle  reflux , and  the  evolution  of  large  quantities  of 
brown  oxides  of  nigrogen.  This  fume-off  w.  j apparently  the  result  of 
the  reaction  between  nitric  acid  and  organic  fragments  from  the  hexamine, 
possibly  formaldehyde.  Analysis  of  this  spent  acid  by  titration  with 
standard  sodium  hydroxide  solution  showed  it  to  consist  of  about  92%  ni- 
tric acid . 

As  the  vacuum  distillation  of  the  reaction  mixture  progressed , a 
considerable  amount  of  solid  precipitated  and  a thick  slurry  formed  which 
could  not  be  poured  from  the  reaction  flask.  It  was  "thinned"  with  ice- 
cold  water  and  poured  into  additional  water . The  insoluble , crude  RDX 
was  collected  on  filter  paper  by  suction , washed  thoroughly  with  water 
to  remove  any  residual  nitric  acid  and  ammonium  nitrate , and  then  air 
dried . 

Early  nitrolyses  did  not  incorporate  recovery  of  excess  nitric  acid 
and  the  reaction  mixture  was  simply  drowned  on  crushed  ice , the  RDX 
was  collected , washed  with  water , and  dried . 

Unreacted  ammonium  nitrate  was  recovered  by  evaporating  the 
aqueous  filtrate  from  the  RDX  filtration  step  and  drying  the  residue  at 
105°C.  This  material  generally  had  a tan  color,  presumably  due  to  the 
presence  of  organic  matter,  and  weighed  about  40  grams.  The  use  of 
this  recovered  ammonium  nitrate  in  subsequent  nitrolyses  was  not  found 
to  be  detrimental  to  the  yield  of  RDX. 


sulfuric  acid,  resulted  in  slow  solution  of  the  ammonium  nitrate;  whereas 
solution  of  ammonium  nitrate  in  96%  nitric  acid  was  rapid . The  resulting 
solutions  in  all  cases  were  orange  in  color . 
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RESULTS 

Table  1 summarizes  a group  of  nitrolyses  using  yellow  nitric  acid 
of  about  98%  concentration . The  ammonium  nitrate  used  in  each  nitrolysis 
was  fresh  material , and  the  reaction  mixture  was  quenched  on  ice;  the 
RDX  so  produced  was  white  n color . It  showed  no  impurities  by  NMR 
analysis.  The  reported  melting  points  are  uncorrected. 

Table  2 tabulates  the  results  of  three  nitrolyses  using  yellow  98% 
nitric  acid  and  employing  vacuum  distillation  to  recover  most  of  the  unre- 
acted nitric  acid . Unreacted  ammonium  nitrate  was  recovered  as  pre- 
viously described  to  be  dried  and  used  in  later  runs . 

The  effect  of  using  recovered  ammonium  nitrate  was  examined  in 
the  series  of  nitrolyses  listed  in  Table  3 . The  quantities  of  reactants  in 
this  series  remained  the  same  as  in  previous  runs  and  the  origin  of  the 
recovered  ammonium  nitrate  used  is  indicated  in  the  tabulation  as  the  run 
numbers  from  which  it  was  derived.  Most  of  the  unreacted  nitric  acid  was 
recovered  by  vacuum  distillation,  allowed  to  fume  off,  and  then  discarded. 
It  can  be  seen  that  the  yield  of  RDX  was  not  greatly  affected , although  the 
crude  product  was  slightly  off-white  in  color . 

The  use  of  freshly  distilled  "absolute"  nitric  acid  was  examined  and 
the  results  are  shown  in  Table  4 . This  acid  was  obtained  by  distilling 
under  vacuum  (15-20  mm  Hg,  30°C)  a mixture  consisting  of  201  ml  of  98% 
yellow  nitric  acid  and  47  ml  of  30%  fuming  sulfuric  acid.  The  nitric  acid 
collected  in  this  manner  was  practically  colorless  and  was  stored  cold  prior 
to  use . Use  of  this  nitric  acid  led  to  an  increase  in  the  yield  of  RDX  as 
shown  in  Table  4 . The  origin  of  the  ammonium  nitrate  used  is  indicated 
as  in  Table  3 . Most  of  the  unreacted  nitric  acid  was  recovered  by  vacuum 
distillation . 

CONCLUSIONS 

The  optimized  Wabash  procedure  for  the  manufacture  of  RDX  has 
beet,  investigated  on  the  laboratory  scale  and  found  to  be  satisfactory. 
Ammonium  nitrate  can  be  recovered  and  used  in  subsequent  nitrolyses 
without  any  adverse  effects  on  the  yield  of  RDX . The  recover}'  of  unre- 
acted nitric  acid  is  possible  but  the  hazard  of  spontaneous  funr  ff,  par- 
ticularly in  large  scale  operation , must  be  kept  in  mind . Finally , the 
yield  of  crude  RDX  can  run  as  high  as  68%,  provided  that  fresh  vacuum 
distilled  nitric  acid  is  used  in  the  nitrolysis . 
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Nitrolyses  using  *8%  nitric  acid 
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